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Abstract

volumetric measures of healthy Egyptian adults.

software.

Background The primary goal of this study is to evaluate the precision, time effectiveness and reproducibility
of open source automated magnetic resonance imaging (MRI) brain volumetric measurement platforms as compared
to the semi-automated methods. The secondary goal of the study is to create age-stratified database of MRI brain

Results Statistically significant variation were found between the absolute but not the relative volumetric meas-
ures (P-value <0.001). Both the absolute and relative global volumetric measures were strongly correlated with age.
Only the absolute volumes showed strong correlation with gender with male volumes being significantly higher
than females (P-value < 0.0001), while the normative ratio correlation with gender varied with the utilized software.

Conclusions FMRIB's software library automated segmentation tool (FSL-FAST) was considered the most efficient
program to run global volumetric analysis, unless concurrent advanced volumetric analysis is needed or gray matter
volume is the main objective of the volumetric analysis, then FreeSurfer is considered the most efficient volumetric
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Background

The expanding burden of neurodegenerative and neuro-
inflammatory conditions mandate developing precise
biomarkers for early disease diagnosis, follow-up of
therapeutic response and prognosis. Magnetic resonance
imaging (MRI) brain volumetric analysis is an evolving
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accurate and reproducible biomarker that serves such a
purpose. For example, tracing early hippocampal and
entorhinal cortex atrophy serves as an early diagnos-
tic biomarker of Alzheimer disease, likewise detection
of global and subcortical volumetric brain atrophy; in
particular, early reduction of thalamic volume has been
considered as a marker to predict the evolution from
clinically isolated syndrome to clinically definite Multiple
Sclerosis (MS) [1, 2].

Manual and semi-automated brain volumetric meas-
urements are considered the gold standard methods for
accurate brain volumetric analysis. However, both are
extremely time-consuming and require deep expertise
with the anatomical details; therefore, their applications
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in day to day clinical practice are limited. On the other
hand, automated brain volumetric analysis has multiple
potential advantages over manual and semi-automated
segmentation such as significant processing time reduc-
tion, excellent reproducibility and waving the need for
extensive training or anatomical knowledge for the inves-
tigator [3].

However, automated brain volumetric measurements
possess potential disadvantages worthy of investigation
such as the limited options to manually fix any improp-
erly segmented structures as well as method-specific bias
and algorithmic variances that could cause disagreement
between the results of different automated brain volu-
metric packages and manual/semi-automated brain volu-
metric measures [4].

Multiple open source software packages for automated
brain volumetric measurement including Statistical
Parametric Mapping (SPM), Computational Anatomy
Toolbox (CAT), FMRIB’s software library (FSL) and Bra-
inSuite (University of California, Los Angeles (UCLA))
were heavily investigated in comparison with each other
as well as manual segmentation, yet most of the research
work focused on precision of results and disregarded the
time efficiency and sufficiency for different clinical prac-
tice settings as well as the technical differences between
software that might underlay the variations in their volu-
metric results [5].

The primary aim of the study was to evaluate the pre-
cision, time effectiveness and reproducibility of open
source automated MRI brain volumetric measurement
platforms as compared to the semi-automated meth-
ods. The secondary aim of the study was to create age-
stratified database of MRI brain volumetric measures of
healthy Egyptian adults.
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Methods

Patients

This prospective study carried out from 2019 to 2021
for healthy Egyptian participants. Structural MR
images (n=395) were obtained from healthy Egyp-
tian adults from both genders and different age groups
(ranging from 15: <64 years of age) with representative
sample for each age group calculated according to 2019
count of Egyptian population (Table 1).

Inclusion criteria

Cases with following criteria were included: healthy
Egyptians 15:<64 years old, from both genders with
no systemic or neurologic complaints except for mild
infrequent headache with no other related red flag
signs.

Exclusion criteria
Cases with following criteria were excluded:

1 All specific vulnerable groups including children,
pregnant women, mentally disabled persons, eco-
nomically and educationally disadvantaged persons.
Given history of significant head trauma.

Given history of head and neck intervention.

Given history of general anesthesia.

Given history of any extracranial malignancy, immu-
notherapy, chemotherapy or radiotherapy.

Any systemic diseases, e.g., diabetes mellitus (DM),
hypertension, renal or liver impairment.

7 Given history or current neurological complaints.

[SARNCE NGO (]

)

Table 1 Representative sample for each age group calculated according to 2019 count of Egyptian population

Age groups % to total % to targeted age group (adults from 15-64) Males Females
population
Males Females
% Number in the sample % Number in the sample
volume (total 385) volume (total 385)

15-19 9.7 77 30 73 29 4,367,988 4,131,991
20-24 103 8.1 32 7.8 31 4,623,621 4,424,043
25-29 9.7 7.6 30 7.3 29 4,334,645 4,175,258
30-34 7.8 6.1 24 59 23 3,456,601 3,364,004
35-39 6.1 4.7 19 4.6 18 2,711,932 2,639,282
40-44 55 42 17 42 17 2,422,954 2,379,682
45-49 5.0 39 16 3.8 15 2,222,893 2,184,980
50-54 44 34 14 33 13 1,922,803 1,903,745
55-59 3.6 2.7 11 27 1 1,567,139 1,557,610
60-64 26 2 8 2 8 1,144,789 1,146,574
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Methods
Informed consent was obtained from the all participants,
and they were subjected to:

History taking
Age, gender, psycho-neurological or cognitive symptoms.

MRI data acquisition
MRI data acquisition: 3D T1 MPRAGE acquired on Sie-
mens Aera 1.5 Tesla machines (Germany), 20 channel
head coil. The examination parameters were as follows:
Voxel size: 1.0x1.0x 1.0 mm?, Field-of-view: 250 mm?,
Repetition time: 2200 ms, Inversion time: 900 ms, Echo
time: 2.88 ms, and Flip angle: 8°.

2D  Fluid-attenuated inversion recovery (FLAIR)
images and diffusion-weighted images (DWI) were
acquired to rule out any asymptomatic structural brain
abnormalities.

MRI data preprocessing

Syngovia V10 workstation used to withdraw data from
MRI scanner. Image analysis was done using in house
workstation Dell Precision T5600. The acquired data set
quality was double-checked by two neuroradiologists.
Any image data set that failed to pass quality check was
excluded from the study. The reviewed image data sets
were anonymized and converted from DICOM to NIFTI
(Neuroimaging Informatics Technology Initiative) for-
mat using “dcm2nii” software. Automated analysis of the
global brain volumetric measurements (total intracranial
volume, gray matter volume, white matter volume and
cerebrospinal fluid (C.S.F) volume) was done using: Free
surfer, FAST, FIRST, SPM-CAT (Computational Anat-
omy Toolbox).

Automated volumetric analysis of the MRI data

In-house processing code development: Due to the mas-
sive data set acquired, an in-house processing code was
developed to do sequential auto-run of the segmentation
steps in the following software across all subjects. Con-
tinuous monitoring of the analysis process and checking
the error log files of the segmentation software for any
error was done. Segmentation algorithms of the individ-
ual software:

1. Free surfer volumetric analysis All acquired MRI data
were segmented using free surfer “recon-all” seg-
mentation pipeline. The segmentation results were
exported to “aseg.stats” file.

2. FSL-FAST volumetric analysis The brain extrac-
tion tool (BET) of the FSL was used to perform skull
stripping (removing the non-brain tissue from the
images). The extracted brain mask (skull stripped
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data) was analyzed using “fast” segmentation pipe-
line. The volumetric quantification of the generated
masks was done using “fslstats” function of the FSL
package.

3. FSL-FIRST volumetric analysis All acquired MRI data
were segmented using FIRST segmentation pipe-
line using “run_first_all” function for segmentation
of the subcortical brain structures. The volumetric
quantification of the generated masks was done using
“fslstats” function which is part of FSL package used
for volume measurements.

4. SPM-CAT (Computational Anatomy Toolbox) volu-
metric analysis All acquired MRI data were seg-
mented using MATLAB2015a based SPM12-CAT
toolbox. The generated global brain volumetric
results were automatically exported to pdf formatted
report.

Semi-automated brain volumetry

The alignment of the generated masks to the boundaries
of the anatomical structures was reviewed for the need
of manual editing (semi-automated brain volumetry), but
neither of these masks required any significant modifica-
tion, so semi-automated segmentation was not required
in this study.

Postprocessing of the MRI data

In-house numerical volumetric data auto-extraction code
development: Due to the massive volumetric data gener-
ated, an in-house extraction code was developed to auto-
extract the data of all subjects to a single master excel
sheet to avoid human error during the data entry step.

Statistical analysis

Statistical analysis was done using Microsoft Excel 2016
statistical package (Microsoft Corporation. (2016).
Microsoft Excel. Retrieved from https://office.microsoft.
com/excel).

The mean, standard deviation, minimum, and maxi-
mum were calculated for the absolute and relative GMV,
WMV, CSEV as well as the TIV generated by each
software.

The Pearson’s correlation test was used to determine
the relationship between overall quality score and total
number of topological defects requiring fixation by Free-
Surfer. The single-factor analysis of variance (ANOVA)
test was used to assess statistically significant differences
between the absolute GMV, WMV, CSFV and TIV values
generated by all segmentation software. The t-test was
used to assess statistically significant differences between
the absolute GMV, WMV, CSFV and TIV values gener-
ated by all segmentation software between males and
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females. The F-test was used to assess any statistically
significant differences between the absolute and relative
GMYV, WMV, CSFEV values generated by all segmentation
software between males and females. A statistically sig-
nificant P value was less than 0.05.

Results

No significant correlation found between the partici-
pant’s age (therefore age-related parenchymal changes
that could distort image signal and disrupt the segmenta-
tion process such as basal ganglia calcifications, cortical
iron deposition and many others) and the overall qual-
ity score or total number of topological defects/holes
detected and automatically corrected by FreeSurfer with
r=—0.028 and 0.016, respectively.

The processing time required by FSL-FAST was
8.45:13.58 min to perform global brain segmenta-
tion [gray matter volume (GMV), white matter volume
(WMYV), cerebrospinal fluid volume (CSFV) and TIV
only), while CAT12 required 26: 43 min to complete the
same task. FSL-FIRST required 9.27: 14.48 min to com-
plete subcortical gray matter segmentation. FreeSurfer
required around 10.37: 13.41 h to perform full brain seg-
mentation including various global, subcortical and gyral
volumetry among other topological brain measures like
cortical thickness and surface area as well as extra-axial
structures volumetry such as optic chiasm.
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Using single factor Analysis of Variance (ANOVA),
the absolute GMV, WMV, CSFV and TIV values gener-
ated by one segmentation software (CAT12-SPM, Free-
Surfer and FSL-FAST) showed statistically significant
variation from the values generated by the others. The
absolute CSFV (Fig. 1A) showed the highest variations,
followed by GMV (Fig. 1B) and TIV (Fig. 1C), while
WMV showed the least degree of variation (Fig. 1D).
The F-value for CSFV, GMYV, TIV and WMV was con-
stantly higher than the F-critical being 131.08, 42.425,
13.547 and 6.196 respectively with corresponding
P-values of 1.14E-50, 0, 1.6E-06 and 0.002124.

On the contrary, the GMV, WMV, CSFV norma-
tive ratios (% of TIV) did not show any statistical sig-
nificant variations between the different software
platforms (CAT12-SPM, FreeSurfer and FSL-FAST
software). The F-value for CSFV, GMV and WMV
normative ratios were constantly lower than the F
critical being 0.604697, 0.376954 and 0.513551 with
corresponding P-values of 0.546462, 0.686057 and
0.598543 respectively.

Using F-test, variations of TIV values in Egyptians
were primarily modulated by age irrespective of the uti-
lized software with p-value=0 for each of CAT12-, Free-
Surfer- and FSL-FAST-generated TIV data set. Such
a variation was better appreciated in males more than
in females and in FSL-FAST more than in CAT12- and
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Fig. 1 A Whisker plot of the absolute CSFV values. B Whisker plot of the absolute GMV values. C Whisker plot of the absolute TIV values. D Whisker
and line plots of the absolute WMV values generated by CAT12, FreeSurfer and FSL-FAST
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FreeSurfer-generated data sets with FSL-FAST-generated
male TIV showing R2=0.1 (Fig. 2A, B).

Using F-test, both the absolute and the normative ratio
of the GMV of adult Egyptians showed significant varia-
tion with age irrespective of gender and utilized software
with p-value=0 for each of CAT12-, FreeSurfer- and
FSL-FAST-generated absolute GMV values. P-values
for GMV normative ratio generated by CAT12, Free-
Surfer and FSL-FAST were 5.9464E—39, 6.57E—64 and
4.29421E-33 in females and 5.56E—43, 4.89247E—56 and
2.45E—74 in males respectively (Fig. 3A, B). Variation
of GMV with age was more appreciated in males rather
than females and FreeSurfer rather than CAT12- and
FSL-FAST-generated data sets with FreeSurfer-generated
male GMV showing R2=0.0768.

FreeSurfer yielded the largest mean absolute GMV
values and least degree of variance for both genders
with average absolute GMV being 674.836 cm? for
males and 578.135 cm? in females, followed by CAT12
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which showed mean absolute values of 646.103 cm?
and 554.083 cm? for males and females respectively yet
with the highest degree of variance, FSL-FAST yielded
the least mean absolute GMV values being 622.184 cm?
and 536.174 cm?® for males and females, respectively,
yet with intermediate degree of variance.

Using two tailed t test; the average absolute GMV of
Egyptian males was significantly higher than females
irrespective of the utilized analysis software with
p-value of 2.8E—46, 7.82215E—-59 and 9.48E—47 for
CAT12-, FreeSurfer- and FSL-FAST-generated GMYV,
respectively (Fig. 4).

Only the FSL-FAST-generated WMV normative ratio
conformed to the aforementioned statistical significant
difference between absolute WMYV in males and females
with p-value of 2.5816E—05, while both CAT12- and
FreeSurfer-generated WMV normative ratios did not
capture such a significant variation between male
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Absolute GMV variations with age and software in Egyptian males
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Fig. 3 Scatter plot of the Absolute GMV variations with Age, gender and software, M: male (A), F: female (B)

and female WMV with p-value of 0.272324088 and
0.997540, respectively.

Using F-test, both the absolute and the normative ratio
of the CSFV of adult Egyptians showed significant varia-
tion with age irrespective of gender and utilized software
with p-value=0 for each of CAT12-, FreeSurfer- and
FSL-FAST-generated absolute CSFV values. P-values for
CSFV normative ratio generated by CAT12, FreeSurfer
and FSL-FAST were 1.63E—19, 1.1E—45 and 2.47E—68
in females and 2.75E—29, 3.57E—37 and 1.77E—88 in
males, respectively (Fig. 5a, b). Variation of CSFV with
age was more appreciated in males rather than females
with FreeSurfer performing better in males showing an
R2=0.0102, and FSL-FAST performing better in females
showing an R2=0.0114.

Only the FSL-FAST-generated CSFV normative ratio
conformed to the aforementioned statistical signifi-
cant difference between absolute CSFV in males and
females with p-value of 0.014867, while both CAT12-
and FreeSurfer-generated CSFV normative ratios did not
capture such a significant variation between male and
female GMV with p-values of 0.066175 and 0.0640 58,
respectively.

Discussion

In this study, we compared the efficiency and effective-
ness of various automated brain segmentation software
platforms, namely SPM-CAT12, FreeSurfer, FSL-FAST
and FSL-FIRST in generating global brain volumet-
ric results in terms of time consumption; user-friendly
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Absolute GMV variations with gender and software
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Fig. 4 Whisker and box plot of the Absolute GMV variations with gender and software. The rose, pink and magenta columns corresponds

to volumetric analysis of female brain using CAT12, FreeSurfer and FAST respectively. The gray, blue and turquoise columns corresponds

to volumetric analysis of male brain using CAT12, FreeSurfer and FAST respectively. The gray matter volume (GMV) of the male brain larger
than the female (p-value of 2.8E—467, 82215E-59 and 9.48E—47 for CAT12-, FreeSurfer- and FSL-FAST-generated GMV, respectively). F: female, M:
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Graphical User Interface (GUI) and final numeric volu-
metric results; range of volumetric measures that can be
possibly obtained by each software and its sufficiency
to the different clinical scenarios; robustness of manual
editing of the generated volume masks if required; inter-
software consistency of the generated numeric volumet-
ric results. The generated absolute and relative global
volumetric values were used to calculate the first of a
kind normative global volumetric data set for Egyptians.
524 Egyptians representing various age groups and
both genders were enrolled, but only 463 participants
passed the medical history/clinical assessment, 12 of
them were discovered to be claustrophobic and could not
complete the MRI scan. MRI data sets of 451 scans were
extracted, anonymized, and converted to NIFTI format.
Two independent radiologists excluded 53 cases: 3
cases for motion and susceptibility artifacts designated
R2 and R3 and 50 cases for incidental structural abnor-
mality or pathological causes (n=50) with white matter
foci being the most common cause of exclusion from
the study accounting for 31 case (55.35% of all excluded
cases).
Quantitative quality check using SPM-CAT12 excluded
3 other cases for failing to maintain the required
image quality parameters showing an average qual-
ity score<C+. The final included MRI data set of 395
participants (201 females and 194 males) had an overall
image quality score of B—, the selected scans had a mini-
mal bias field (A—), extremely consistent image resolu-
tion (B +) and minor noise (B) compared to BWP data.
Due to the inherit limitations of each of the examined
software platforms, several in-house python3-based

codes were developed to auto-run volumetric analysis
across all subjects. The auto-generated volumetric masks
were manually reviewed, yet neither of them required
any significant manual editing.

Another set of in-house codes were developed to abol-
ish any possible errors in extracting the targeted global
volumetric numeric data from the massive statistical
output files totaling 9085 file (23 output files per sub-
ject; 18 of them belong to the FreeSurfer with each of the
FreeSurfer files containing over 316 numeric volumetric
datum, and the rest of programs generate between 4:13
numeric volumetric data per file), the developed codes
auto-extracted the targeted global volumetric numeric
results and cross-tabulated them into a single Excel
sheet, then total white matter and CSF volume of the
FreeSurfer were manually calculated using Backhausen
et al. [6] method, and statistical analysis was carried out
using Microsoft Excel 2016 statistical package.

We found that FSL-FAST consumed the least process-
ing time to calculate the absolute global brain volumetric
measures, yet it does not have a user-friendly GUI, man-
ual; editing interface, and required multiple code devel-
opment to export its results into.txt format and to run
multi-subject analysis sequentially.

SPM-CAT12 consumed triple the time required by
FSL-FAST, but it performed background image qual-
ity analysis; possessed user-friendly GUI and output file
format; allowed selecting from variable range of basic to
advanced volumetric analysis; auto-calculated the nor-
mative ratio along with absolute measures; allowed lim-
ited manual editing of its volumetric segments through
same interface.
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FreeSurfer generated full range basic to advanced
subsegmental volumetric analysis without allowing the
user to choose certain range of analysis; therefore, it
consumed the longest processing time being 25 times
that of SPM-CAT12 and produced massive volume of
structural numerical measures (20 files, most of them
contains>300 numerical volumetric datum) along
with white matter hypo-intensities volume. FreeSurfer
requires high processing power, does not have a user-
friendly GUI, yet, running the analysis is fairly easy and
full range of manual editing can be performed through

its viewer. FreeSurfer’s Image quality assessment tools
are still under development.

Neither of these programs required significant man-
ual editing of their masks especially the FreeSurfer as in
McCarthy et al. [7], and Beelen et al. [8], works therefore,
semi-automated volumetric analysis was waived for this
study.

In this study, we found that age-related brain changes
like hemosiderosis did not affect the required analysis
time; on the contrary, the overall average image qual-
ity of the included MRI scans inversely correlated
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with the analysis time (the higher the image quality,
the lesser the number of surface defects and therefore
the lesser the processing time required by FreeSurfer).
Such a finding was unparalleled in literature and may
worth further investigation and quantification to assess
its possible application in increasing time efficiency
of FreeSurfer, especially in light of Fellhauer et al. [9],
which linked the accuracy of volumetric analysis to
image quality.

In this study, the absolute global volumetric measures
(GMYV, WMV, CSFV and TIV) varied significantly from
one software to another (p<0.001) with the absolute
CSFV showing the highest variations followed by GMV,
however, the corresponding normative ratios did not
show such a variation. To the best of our knowledge, no
single study performed such a comparison among these
three software, with all prior work focusing on subcorti-
cal gray matter segmentation or hippocampal segmen-
tation, the few work addressing the global volumetric
measures used either phantoms or AD cases for assess-
ment and used SPM itself instead of CAT12 box and
finally held inter-software comparison using absolute
global volumetric measures instead of normative ratios as
in Fellhauer et al. [9], or Palumbo et al. [10].

Although our study targeted population>15 years
old, we found that both age and gender modulated the
absolute global volumetric measures (p-value<0.001).
The effect of age was more pronounced in males possi-
bly because the absolute male volumes were constantly
higher than the female one; hence, it was easier to cap-
ture aging changes in it. Nonetheless, our current data
model could not be used to extrapolate such a relation in
full due to lack of Egyptian’s below 15 years of age and/or
longitudinal data model as in Ge et al. [11].

The effect of age on absolute volumetric measures ech-
oed through the corresponding normative ratios gener-
ated by all software. Yet, FSL-FAST-generated absolute
volumes and normative ratios best demonstrated the
effect of age and gender on global volumetric measures
except for: (1) absolute and normative ratio of GMYV, in
which FreeSurfer constantly outperformed both FSL-
FAST and SPM-CAT12 yielding the largest mean GMV
with the least degree of variance. Such a finding can be
attributed to the superiority of FreeSurfer algorithm in
segmenting gray matter as well as the aforementioned
conundrums of segmenting CSF and WM masks. (2)
Absolute CSFV in males; possibly because the larger cor-
tical gray matter volume in males could imply a smaller
sulcal CSFV, hence, the gap between the true and math-
ematically summated CSFV is reduced.

The effect of gender however was only captured in
the normative ratio generated by the software with the
largest absolute volume and least degree of variance of
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a certain measure, which are FreeSurfer for GMV and
FAST for WMV and CSFV.

The mean and standard deviation of absolute and rela-
tive GMV, WMV, CSFV and TIV in Egyptians were cal-
culated for each gender and software; however, edge to
edge comparison of the Egyptian global volumetric data
to other ethno-racial data as in Guttmann et al. [12], on
Americans could not be done because of the differences
in data categorization, e.g., differentiating data by gender,
utilized age increments and occasionally the longitudinal
data collection pattern, for instance, Guttmann et al. [12],
did not differentiate between male and female volumes
and moreover, they summated the volumetric data of all
subjects <40 years in one category then used a 10 years
incremental step in population >40).

According to the results of our study, FSL-FAST was
considered to be overall the most efficient program to
generate global brain volumetric results—unless the
GMV is the primary study objective—because it con-
sumed the least processing time and its normative ratios
did not vary significantly from that of SPM-CAT12 or
FreeSurfer, on the contrary its absolute and relative vol-
umes effectively captured gender and age effect on global
brain volume except for the gray matter. Moreover, if
subcortical gray matter volume is required, combin-
ing FSL-FAST and FSL-FIRST will consume lesser time
than the time needed by SPM-CAT12 to generate global
volumetric measures alone with comparable subcorti-
cal segmentation results to FreeSurfer as in Mulder et al.
[13]. It is true it did require some in-house code devel-
opment to effectively run multiple-subject analysis to
extract its numeric output in a user-friendly format, yet
the extracted data were to the point and easily interpret-
able by non-specialized user.

Although global and subcortical brain volumetric
measures (including total hippocampal volume) pro-
duced by FSL-FAST and FSL-FIRST could suffice in
many clinical settings, for instance follow-up of global
brain atrophy in MS or diagnosis of mesial temporal scle-
rosis, it will not suffice in a vast set of clinical applications
like differential diagnosis of neurodegenerative diseases
and usually another set of structural (like entorhinal cor-
tical thickness in differentiating AD from FTD) or patho-
logical [(such as white matter lesion load (WMLL) or T1
black hole volume in MS)] volumetric measures will be
required [14].

It is true that some of these structural measures can
still be obtained using non-robust FSL ROI-based
analysis tools necessitating lots of manual editing, yet
the more robust atlas/ROI-based analysis conducted
by SPM-CAT12 in which one can select the required
subset of structural measures or FreeSurfer in which
a forced subsegmental analysis using several atlases as
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well as white matter pathological volumes will be gen-
erated with minor usually insignificant error rate [14,
15].

In fact, white matter pathological volumetric results
could be derived from another FSL tool (FSL-BIANCA)
or SPM tool (SPM-LST), yet both are totally separate
analysis processes requiring lots of manual editing and
revision and will only evaluate for white matter hyper-
and not hypo-intensities.

Conclusions

The efficiency of certain brain volumetric analysis soft-
ware is better defined by the clinical objective, whenever
a rapid check of global and subcortical brain volumetric
measures is needed, FSL-FAST and FSL-FIRST would
be the most cost-effective option; on the contrary, if a
comprehensive analysis is needed, FreeSurfer is rather a
fault-proof choice supported by results; however, further
evaluation of SPM-CAT12 subsegmental brain volumet-
ric measures is still needed especially that it has the most
friendly GUI and output file structure as well as custom-
izable volumetric analysis.
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